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3. H„ laohanbruch 

(^STBAOt 

In aey tot* boablag maneuver In which sight Una and flight llaa prior 
to jiull-qp do act  coincide,  an Impact error results.    Tha amount of tola error 
r»r all of  s?*ht arror la elven by Equation (2) or Tlgora 2.    Tha arror oar to 
cerrected with tha KPI adjustment dial t>r an amoant determined frem Betettioa <9) 

or Fijrurs 3. 

910)* a ls*i laments depend ea (a)  tha fixed orientation of the sight 
wltv i aspect to tha airplane, and (b)  tha orientation of tha alrpl«ne with re- 
ject to lt« flight lino.    *he lattar it tha angle of attack, which la increased 
by ft decrease In either dire angis or air speed,  and therefore rarlea consider- 
ably «lnee decre»ces In dive an/rle are usually accompanied by decreeaea la air 
•peed,    Differences in angle of attack e*y ha determined free aquation (13) or froa 
the no(*o#r»n of figure 5. 

If the effect of a sight slenligaacnt la counteracted »t  aoae ween value) 
of altltole, dire angle,  and air speed,  by an K?I adjustment 47c / 7c     .   the im- 
pact error at another altitude, dire wyrle,  en* air apeed la the algebraic sum 
of that duo to (a)  the difference between the angina of attack at the neon value 
and   ieoend value of dive ancle and air speed.  (b)  the eight error for which itdjqat- 
•ant eae nade„ and (c)  theATc /7c adjustment itself.    ftrrera (b)  and (e) 
are in opposite d lreotlons and partially offaat each other, whereaa (a)  stay affect 
the rseclt oonulderably in either direction. 

Vhan tha sight llaa la below the flight line,  aueh greater bombing IJ. 
carter \* achieved by a fixed readjustment of *na  sight. Itself than by an KPI 
etfjus.aeat.    Under eertain ooadltlona it aagr be advaatageoue to overadjuat the 
sight soaevhai, bringiag eight line aVave flight line,  and correcting the ro- 
sulting alealJgnaent by a ^ 7c /ft   adjustment. 

ftTROD iCTlQl 

la tea* boating, the flight path of the airplane before poll-up le 
asaumed. to be a collision course.  I.e., a straight path directed toward the tar. 
cst„    Sine* the flight path ia determined in practice by neaaa of a eight which 
if kept fixed or, the target, the actual path can be a collision course only if 
the elans  constantly flies along the eight line. 

Sight alealignaanta aay arlee froa the fact that for any alrereft the 
tight Is 0*0*117 ad.luatod to he eorrect for shooting of the machine guns. fhi* 
najustasnt  Is net   suitable for hoabe    • J»r* boaba leave the aircraft la * direo-    - 
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tlon ttafMt to the flight path,  while bullets, because of their high »uii<le 
velocity,  1NT« In the direction In whlcti the guns arc pointing.    Differences 
between the  sight and flight lines a«y alao oocur a* a raaali of variations la 
th* angle of attack, which for any typo of plan* dapanda on ita weight,  veleo- 
1*7, and dive angle,    ?h* arrora resulting fro* tneh nisei lgnwsn to,  ana *•»«« 
of correcting tha*, for* th* subject oif thia papar. 

- Figure 1 represents th* flight  of piano and \>o*b for th* cm* la which 
th* lino ef flight aake* a oouiUnt anftla 4> with tha aljtht lUe, the ti*ht being 
leapt flzad on tha target  r(' until pull~iap.    Tha vectors a*rk*d   £• represent i*~ 
stantoneou* direction* of tlio eight line,,  directed toward th* target;   thorn 
•arked •£ , making »n angle ojvlth tha A-Ttotort, represent tha eerraepeadlag 
Instantaneous direction* of flight,    if will ho noted that th* p*th,«Jo to 
•lightly concave upward;   it would be concave downward  if <fi hud the opposite 
•mm*.   *or snail angles (6 • however, •*•*> little eaerlflc* of accuracy ratalta 
fro* essualng that are /^g   la straight. 

If/*, la the fire* altitude point,, the value* of dire angle (&)    , 
ti**-tc—target (J- )   ,  and airspeed ( y) ,   which *re fed  into the coaputer are 
determined by condition* along Afa , assualug that tha dive angle gyro la align** 
with respect to flight line.    Barring other errors,  therefore,  the releaae tl*e 
Tp("_oW V )    will he oo doteralned aa to came a hit at tf   .on the extension 
of Ao ,  the corresponding slant r»u*e oH   helng S *   V '~Te< *»• h**l- 
sontal lapact arrar due to the aleallgtutemt As ?   a.   H' H 

Ths angle (£ la considered positive when the sight line t» above the 
flight line.,  and the error £ positive when it represents .--a lapaet beyond th* 
targets    In Figure 1,   <f> la poaltlve and g n*catlr>». 

PffACff ttWOB MtaULTHP fjg 91 Og hlSALIMMCT 

Th* exact relation between <f> anal <f Is obtained at onee by application 
of th< eine law to triangle OH/^ 

-<£ - S ewrv $/&***,(<* -<j>)- S/t**l d\(c^C <p - (Lot c* ). 

When   /^|     Is enall  eomtixred with o(    ., *  elo** epnrc-jrlwntlpn Is 

£ s   - S^/^t^-ot, en. -<T/*  r S Cft«, flft^ 

(1) 

[•>} 

^ tv^iw  in  r»dijins„     The  amount by which   (T)   la   in  error   as  co-iDwrec:   to   the  exact 
•wir»»«ion   (I).   1* fl»sn  nprrpxir>»tRl y  by   the rat'o A/^L   I   thus for   S   •••luee 
•in  to 1*  or   17 nils,   (a)   1« «crur»trt ic within  S< for gt ^«  xewll   »s  Xfi,   *n-   to 
w'thin lrf for  e4    -      10°. 

Pi<rure  ? in r  onntour m*x>r.   in pol *r   cn-orf'ir.-tR*.  of the relation  be- 
tween   S   •»*   <•>   •'or'-ftepow'in^ to  »«v»r»)   fixed values of the r»tie ~&g/4 
&x     b«ln« the unp.-'ct error  o«u«ed  by IIRM error A Tha eorresponrlfng reo- 

v.»irul«r  oonr^inate-) of nointe on these curves sre the horlemtal  r»nge('5(TA4o^ 
end  eeeond  nl tittii* ; fj- «. S<Wv».o\) ;   hens* the oerves any b* oonsldered'pieter- 
lally *a tha loci of special releaee polnte corresponding to give* -£ /of , th* 
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targot halng at tha orl*l».    *ha walua ot-£p/6  for a gtrmn rriwi* polat wmj 
ba obtalnod by l*t*rp*l*tlon batwaan eoiHratlT* eoxTaa.  m that Tlgara 3 li U on* 
MM a rraph *t-Sp/<t> »• " faaetlon of r*lMM point,    (aaroral othar ooataar 
•apt of thl* typo ara la el ad ad la thl* p*por. 

OB joavartlae (2)   to r*et***-al*r  ooordlaatoa.  It boooaa* apparent that 
tha ourro* of *i*ure 2 ara aroa of oirola* which p«aa throo*h tb* origin, with 

or 
apaod 

tha avrraa ox riguro z ara aroa OT siroxa* vraen pat* inronm vna origin, 
oaater* on tha wartleal ajcl* and radll-^ <$± / c* . ^ bain*- U rndlaaa, 
-800 & /^Ufi.        It will ha aote*  that ^/gj   1* fndepaadant of air n 
and pull-op aaoalaratlOB. 

According to tha axaot aquatlot   (l),     £f la actually proportional, not 
u>  <p , bat to   lAa*t <f - Go* a j, which diffora algnlf loantly froa £   U radian* 
whan o<   and / 0/   ara of ooaparabla aagaltuda,  l.a., for vary aiUoi or waty 
lar*n «s .    Tha graph of *lgwra 2 tbarafov* baooaat aoewat* for all valaa* •? 

o( «ad   <£>    If tha 'foot par all" waloae with which tha enrraa lira labalod aro 
c*i»*i**re* a* Talaa*. lot of-£/ 0m4,<x.     •«* •' -1000^ -^ ^ . o^oO. 

QOBMCTIOM TOR 3I0FJ tHaAXlQaHBTf BT »I ADJVimKn^i ~fc /7g 

Tha arror do* to Ha> oo lac id anoa of tight aad flight lino* woald ha 
ollalnatad.  eaoclng a hit on tha target  hi' (*tg.  1),   If tha 7£   **lu* fad  Uto 
tha ooaputar wara adjuatad to eorreapond to a targat at  H'lnataad of  hi .    *hl* 
woald a**n a ralatlr* laeraaaa £    ~ A%./j[e     (•* • ralatl-?# daaraaaa -£~[£ /Jc) 
•*»*» VATZ = ifh' • •»* 47;/Tc * H H'/otf 

Application of tha tint law to tha trlangla ti H   W    , es tha %a\ial 
aaanaptloa that tha parabolic are tf' H*  baa aagllglbla eorvatnra, yi*ld* at oaoa 

V*47c  "   -J" **/*,(« y^j' )///M^V(5^    =   -J"(3JVTV^ 

io< 

(») 

(4) 

whor* Oo  la tha anpla batwaan trajaetor* aad eolllalon eoaraa at thalr latarMo- 
»lon,  and 

Toraula (4} or Its aqtklTaloBt hat haaa aaeoaBtorod la arary problaa la- 
welTlnc oorractlon of aa lapact orror. Tha waloa of Q> In taraa ot S * V , & 
aad tf   (whora   f<4>    *• aall-op aeoalaratloa^lo lap 11 ad la laport 0D-f»-l05,  Bana- 

• tha aacatlwa *l«n la (4) hold a only whan <5C rapnaaaata tha adjaataant r». 
q air ad to offeot tha arrar £ . Vhan It rapraaaata that raqnlrad to pro. 
ftaaj tha orror S   > tha al*n of tha rlaht aaahar of (4)   la potltlra. 

a/vw-i 



tlaaa (9).  (3), Mri  (ft)s 

^    2 -Sjl        -^   Au^*. <* <*) 

•nkttitrtloa of (1) lata (4) giro tha aorraetloa raaalrad ta affaat 

Q>           - C^®j + (>** (g) 

Again. Vhaa   /<£/ la saall eoaparad with    ^   ,  a alaaa «pprexl*atloa la 

fte aaa«raey of (9) ralativa te (ft) la alalli>r to that jd»aa U the ihiwMt fax., 
levlo* aqwitoa (8). 

A faraal* a«aU»le«t te («) Ma already derived la lapart cm.Sr-49 la too 
oooroe af * general Alaasaelaa af • ogle a. 

tamtloa (9) mer «a wived far S *» aolviaa; (6b) fer f|+3 ,*? aa* sain* 

tha relatWae >tf « % [(fT*??)*- IJ.  S--^^1 ^/^f  «•**»- * 

figure 8 la a oontear aap, hated aa (10), «f £( / (^   , «a yaraaat-ehange 
la 72    ••* artV. ef tight error, aa » f»i»l« af rele»ae pelat.    K *• Ml* eeaataat 
at tha «ftl«»i. «w twUttM af & /^   »i«*\ K *»in€ ««lte aaall.   tha vaage aaA 
altltala »«&ae involve t\ faaVvt iv *\.U ta -:« tsaHy ttm v*»0 • kaata.    Xa aoetrd. 
SSM alth (10), MUk lavllat tW\t V *«Pf«s aa  V* tar flsattf*/^ aaA Jl  , tha 
**•* •** •• «*ed faff *a» »1* apaat / * atftatltwkla* ~» - ( V/tm kaata) *  .   At 
JBO aaf *J0 kaata, M a   '/*   and », raev*etlvely. 

• SSSSaXr H8 ft t «53.» kaata. 
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at In the c*** of figure 8,, f lgur* 5 •• tuoh b«oo»«* inaccurate for 
rmry  ewxli CA    or vary lure*   *5   , bat beeoaet accurate for all   s<   and   $ 
If the ** par all* figure* given ura considered aa value*,  not of <T    /v 
bat of 10rX><Sc fe#* <f>-C+t<*). „ C ^ ^*^*; v 

According to (9), 7lgure 3 say also bo interpreted a* a contour nap 
of the aach-ueed function    ® .      Vhtm u*ed at iuch„   tue •£ par all* figure* 
auat ba raooarortad Into 'units par raolwi" by aultlpllentloa by .01/.001 r 10. 
Tha curve aarfcafl 0.8*» par all,  for emaple,   la a* wall  tha looue of   <g)   «    8. 

Tlgur* 4 la a ooatour a*p0  baaed on (4), of \§c/%. ) »i  a function of 
release point,   ^c   being tha lapaet arror eorreepoadlng to tha change <5C   . 
7roa Plgure 4 aa/ ba read tha anount of displacement of tha  lapact point par 
percent ohnng* U   7^   , both ehang aa having tha jaaa. laatfatttil -lAfii-    Jarther- 
aore. tha reciprocal* of tha/^./i^, / f igure* oat tha eurv** represent tha par. 
oaat  change la    7c    required to offaat  ench foot of lar>»ct arror;   >»nd whan ao 
Intarpratad, <^     aad gc  h*T» anno alt* algobrwlc  rktn*. Tha graph la of a 
«*c«r»l nature,,  applicable not only to tha tight arror problaa bat to all prob- 
laaa Involving correction of an lapact arror by ndjuataeat of 7c The eir 
apaad factor n       ('.''800 knot*)*     la included In tha range, eltltuda,  and 
contour  teal at. 

»y comparing equation. (2),  (4),  and  (9),  and noting that 
(Ec /$){$/&  ) - £/S      .  1« i«  •»•« *>** '«*• nay given ralaaaa point tha 
value of   Sj /<4        •  "* given by Pleura 2,  la tha product of tha values of 
€c /^     %  »• la Tlaure 3,  as! sf ^Ac *• *" Ttgur* 4.    Tha MTTN of 

rigor* 4 h*v* bean constructed, not by eolvln* (4)  for S   directly — thla would 
have y laid ad a  tart of cable equations — bat rather froa Flcoraa 2 aad  3, by 
determining point* of lntereectlon of etrrti In figure 8 with elrelaa of appro- 
priate radii alaHar to thota In Tlgur* 2. 

TAHUTIOM OP t3!B£ or affiSftg 

Application of tha preceding ocetlon,  and of riguree 2 aad 3,  re- 
quires that tha value of tha tight error   $   tur any tpaelfle ease,  or at leatt 
tha d Ifftransa betweee    <f> value* for two tpaelfle eaaat,  b» known.    Tha effec- 
tive tight arror* however, dependt not only en the fixed orientation of the 
eight with retpeet to the airplane,, bat alto on the anffla of attaek,  or orienta- 
tion of tha pinna with reepeot to it* flight line.    The variation of tha latter 
with Mir  epaed and dire *nio.e la appreciable and auat ba  taken Into ftoeount. 

The angle of Attack <p<x.\% given by the f oraule 

0a.  s    w5     -*. 
V (12) 

where W 1* the groat weight of the plane, pad C   aad   /Tare eonetaat* for any 
ana pl«a«.    The rulue of   ^     alto dependt on the eholee of a reference line In 
the airplane, and for porpoeea of e#leulatlRg eiffareaeae In anglet of attook 
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it   Mr O with a* !••• of general l*jri 

<1») 

It la found gaaarallP that  C baa tha »<•• T*l«e for oil pi aaaa of »  werlee, »• 
mui nM TJK-IC. 

Thn mmmgrtm of figure 5 gi»*e tmAe relative angle of itt«di <$><x-   • »* 
U (13), •• • fvctlu of C, Wj    V      and c*  .    The aalibnttlaue on IIMI I, II,  n, 
•at TI, hare beea determine* froa wuluee of leg 0, leg V, log T, oat le*- C<HU cA, 
reepa«tl*alp.    Potato oa ltao III have beea p re-dot era tnai far aeoh plane at It a noala- 
al might •, thaa etrletlag tha aoo of llaaa I »ad II whaaerer tha groaa weight la 
apprasiaat.sl* aaalaal. 

Llaaa III throogh Til Kara torn ao opaood that  V   aad  <*   asp as oatorod 
la altbar order.    Thle prepesty lo Illustrated ay tha asaaple appearing oa tha 
aeaacraa.    Tha point oa lino • aarked *T8ft 350 kaota* aar ha Joined with eavaral 
petnte la ton oa llae TI to attain <p<*,    oa llaa Til for 4 if far eat dlwa aaglee at 
tha f laai air apeed; or tha poUt aarked **6T, 40°* aap ho jola«4 with palate on 
11M IT to obtain (TJQ. for *lf faraat air  apeade at tha f land dl*e angle.    Tha rel- 
ative) ooaToaianoo af tha two aothoaa dap end a on wbothor oaa la ooaoerned aoro with 
variation of tpa.    »***> «lv» oatfa or with air epeed. 

Aeoerdlag U (13), tha ;-ajls of attack, walla independent of range,  1c 
inerer/eed hjr a dcoraaee la either air speed or diva angle,   laaeo tha raaieo af 
variation la (po^   far aa? given piano la wldaaad by tha faet that daaraaoo'i la 
dive aaclo ara la praatlaa aauallp aeonapanled by daaraaaaa la air apeed. 

ff»rtfffy¥»T 
The praeaalag sections eoggdet two alternative aothado of correcting for 

eight altallgaasnt at a MlZM *"«Co, dive aaclo, aad air speed i    (a)    dlroot adjuat- 
aaat »t the iiaii «atU flight and sight llaaa coincide; or (»)    lltalTllaT adjuat- 
aaat,  I.e.,  ahanglsg Ta, hp a percentage <£"„,   datoralaad froa Tlgwe 3. 

"ha adjastaaat required, howatar, dapaada la althar aaaa on tha values 
of 56 aad Y . and la aaaa (») oa £ aa wall. IUM it la not faaalhlo to 
aaka frequent raadjaa taanto of althar type la any oao plane,   la nraetlao a fixed 
adjustment  irast be rmdn .  such *a would eoopl «t«ly offset tha sight arror at   aoaa 
chosen  intermediate cr aodal value of   .5    .    o<.     .   «"d     t/   .    At othar THIUII aa 
lacKCt arror will  ««n«r»lly result,   the «n*mituda oi* which dapande on tha nathod 
uaad  — e  fiied   tight  adjustment,   a fixed   lote^retor  ndjutaent,   or   aoaa  oonblne- 
tion of tha two.    Tha aoet  efficient aathod  1* of  ccuree tha one which •in\mjna*  tlila 
Inpaot dlaparalon. 

Tha following oxMK>la lllnatratae tha i esrultt of a  filed   intaarvtor   «d- 
jaataaat:    Tha eight  lnat^llad  la aa TOT plane at noalaal weight (Ik, 400 I ha.)   la 
•laallxaad bp .30 alia at alnat raaga  g *   7500 faat, dive aaxle   a>   «   40°,  and 
»i»  apaad    y S   38) knot*.    A flzad paroaaUadJuotaant  in  T    1* »«de  in  »o  eaount 

•     Aa ehtelnad froa OStD taporta 3S»4 (CIT/WO 3),  3271-3278  fCIT/U»C 4-fi^ 
SWa (CIT/*C 26),  and  ZRaT (OIT'WC 38). 



*et amff leleat. to effect the -20 all el*ht arrar at ( 5 ,   <* ,   V ), aeuelag 
i hit.    It la uealred to deternlae the reeultlng intact arror at el sat r*a*e 
^ » 13,000 *••*. diva ancle s*, - 60,  and air apaad   V,* 373 teaota. 

Froa figure 3 tha required pereent-adjuotaant la  ~Q    par all at 7300 
faat,  40°, and 360 knote (Point? )  la €e/^*O.70$ par iU,  ao that for   a* »  -30 
alia tha fixed adjuetaent li &c   -  -16.611.    la othor word a, under thaaa eaadltleni 
a 18)1 dicrMH lnT^   , ay itaalf, would dieplnoe tha lapnet polat fcy aa eaoeat 
ee,e«l and oppoalta to tha Aleplneenent vhleh would raeult froa a -20 all el^ht 
error alone. 

At another rvaga, diva angle, and air apaad than two dleplaoeaeata. 
while oppositely dlraatad. will generally ha aeeqcMl la magnitude; and la addi- 
tion,   tha angle of attack will g*n"**aiy ha dlffaraat.    That tha lap»et arrar 
at ( S, .   e*. .   l/»  ) *111 ho tha algebraic aw of thraa dlaplacaaent aaapoaaatai 
(a) the dlffaranea & ^   between tha eagle* af attack at ( 3, , p ) and ( a,, \/t ) 
It a change In eight arror ^ad tharafara oaaaaa aa lapaet dleplaeeaeat^V; (a) tha 
original   eight arrar qt « -3D alia, by lteelf, would re jult la a positiveT beyond- 
terget) lapaet error £ u i (e) tha adjustment £c   - -16)1, ay Itaalf. would give a 
negative (ehort-of-target)  arror </c   . 

(a) Tha dlffaranea la angle of attack la determined froa Tlxara 8.    Tar 
an 19 pi fine at aoalnal weight,  thla aoeogran glvee <^ « l«.t alia *s oi «  40*. 
?sj» knote. and 8.6 • alia at Ct. - 80 ,   V,   « 378 knote.    Banco (\ ja * .8.4 alia. 

Bat froa figure 3, at a, « 80° and   S, • 13,000 faat (Point Q),   -cT/4* » ahaat 
14 faat par all, ao th*t tha lapaot dleplaeeaera doa to change la angle af attack 
»•   ^ =   r«> *«at. 

(b) froa thla aana ratio ~$/j "14 faat par all.  It followa that tha 
-80 all  al^ht arror In itaalf eauaaa «n Impact arror (Ju    -   -/360 faat. 

(e)    finally, at 13,000 faat, 60°,  and 378 knots,  tha aalaa af££/<£c 
any ha raad froa Figure 4.   Aa thara daflnad,   7) « (376/860) A« 1.148, ao thai at 
878 knote, .13,000 faat • ^f£°£   M: 10.460 a faat. Tha polat <\ determined 
hy thla alaat range and atrdhf? dive angle liee hatvaaa tha ourraa aarfcad 10a ant. 
18a, alightly aaarar tha lattar, ao that approximately Sc/ec " 13n * 14>* '*• 
per %.    Tha -16.0)1 adjuetaent la 7^ tharafara dlaplaeee tha  lapnet paint hy aha at 
^c«-330 faat. 

Tha reealteat lapaet arrar at ( 5  , ok, ,   Vt ) la than 

<£  •  «L   * 4   i /«> ^280 -230 * r160 faat; (14) 

i.e.,  tha haab aay he expected to fall 160 feet heyoad tha tarajat aadar the gUm 
oondttlona. 

Tha effact of ancle of attack warlatloa aay he aaaa tt> ee of eoaelderable 
lapcrtnaea.    If ^ ware neglectr! In thla axaaple, (h) and (e) alaua would yield 
aa laaioet error af /60 feet, or only 40< of that flTaa hy (14).    Quite cftaa area 
tha algebra la a t*a of tha raaultaat error la chaa((ad ay thla effect. 

Z    D#t«ralnad hy ertendiug Uae Til «ni  utlng lower extenelen eaale. 
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A coord In* to  the wording of the hypothetic   thla exjuapl* **f m% fire* 
»pT>e*r  *°  typl'X only the  integrator «rf.)uati>ent nethed.    Sat If the original al*- 
allgnaant were given Dot *» -ST) bat n* -30 all*,  of which 10 mile were oorrectad by 
a eight adjaetnent and   th* bnlanee by *n  Integrator prfjuatzient,   the  •elation would 
be  Identical,,   yet  the preblea would  *vp»nr aore ganer»l,   Involving «  combination 
of eight and   Integrator adjuatetento. f: Tha abo»e exaapl*  llluatratea  the net hod of 
datamlnittlon of tha axt mt to which • fixed «djutteent falle to offaet a eight 
ale»llgnaoat nt r»ngea0  dive angle*,   *"<J  air  apeeda other than tha centrrl  value 
for wh^ch th* adjuataent  la wJi.      Tha nod* and extant of varl»tlon of thla ra- 
aldual   lapnot  error with r»nge, dive angle,,  and fir tpaed  la Illustrated  la '1*> 
oraa S,   7 and 8,   for both the  eight and  Integrator adjuetaant aathoda and variou* 
eoa'blnatlone of tha two.     In thaae graphe wre plotted  the revolts of fixed *d- 
Juataanta  m determined  »• to  ellain*te completely the effect of  t>>*  sight error 
at tha «o<i«i v»luas   5 * 7*0C feet,.    o>   «   406,      v * 350 knots,  a* la the axweple 
ubov*.    They are baaed on Tlgureo 2-1 pad on the foraulaa underlying then.    Iz> 
plaaatlon of tha derivation,,   Interpret**ten,  -ad uae of Tlguree 8,  f,  and 8 follow*: 

At c* =«   and    v -V   ,  let   <p be that portion of the original  eight  error 
which reaalna after any direct  eight  adjuataent  la natf.e;    $ Is then tha error to he 
off**t by an Integrator adjust sent.     If thla latter adjnataant consists of a change 
In 7"e   In tha ratio£c .  then by (8). 

£C     "     0   '   <§, <") 
where   ©  la th* value of  <g>   whan   ,*>-?,?   •a'^oT    ***   *** V   •    *• **••«*••*• *• 
tha exaapl*,   <@   s   0,780 par all. 

At any other valu* of $ ,  &• »    *nd y' .   tha error of on tha ground oon- 
alate of three eoaponeats analogous  to thoee lettered (a),  (b),   (c),   la th* oxasjpla 
above;     (a) By (2) and  (is),  tha  tapaet dleplaceaent Cue to change   ^. li angle 
of attack  la a 

where C . W .    C*   and   \/  ax« known oonatantr,,     (b)  Agalb by (2).  that due  to the 
nodal  eight error <fi  alone la 

*<P     =     '  S    •   4   <U^   * (16b) 

I c)  *ln»>ny.   by <4)  and  (15).  that due to the  lnt*cr»tor Nrtjuetaert   rS   alone 1* 
c 

«SC 
s •set/e-*»^«(* + s ^ C4*«i d?/<fc    (16e) 

The raro'.tpr.t  nor   f i« t>« «um cf (lf5a),   USh),   *nt   (lSe): 

where ^^-    t» » function of> and  J/ „  and <J) it a eonatant, 
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tfUew the entire oorreotlon  It aede through u X^Jfel edjaetaeat,  then 
*   - O    and henoe £-<£*•• I*• ^ (I**).    Figur* I lit rtntonr anp «f^ 
•• • function of rtlMN point, for air tpeed* 360 i 38 knote, for aa FAT plane 
(at aoainal weight) wtwjee eight 1» adjuetad for eS • 40'-   cad    ^   *   *0 knot*. 
It will be noted that  tha carve* for any oae air rpeeS approech perallellen is 
the direction oorratpondInn *o the diva angle c* for which   0|i *   ° ** tn** *** 
opoed — I.a., for which e*o. «/Wfco400/(:*0 knote)3.    *hlJ» eenotrueted oa 
the basl* of F8F data,  tha arrora given by Figure 6 ara aeonrate to with la 8*j 
far tha S82C,  ana  to within IB* for tha Tlft. «ad F40.    Tha actual velae of <^ 
for ear type of piano la obtainable froa Figaro 6 rod tha relation 

$± s S*(rm    CW/C
C*FK TFif i 

which follow* froa (16a). 

Vhon, en tha othar hand, part or all of tha correction la aede throat* 
as Integrator adjoataeat   f£c )  ,    £    1* the eon of thla £.   , at plotted U 
Figure 6.  and an error A <f « fu + £. s S 4 C**.*(-' * 6>/ <S>Jy      proportional to fi, 
which would reault if *n«le of attack ware eonetaat.    Tha aaeuat of thla eeeond 
arror par all.  I.e.,  4 £ /$ *• plotted pletorlally la Figure Tut facetiae 
of raleeae polntc   am In far air epaeda 360 4" 38 knot*.    The 350-kaot  carve 
narked & $/ d *   O    le of eouree ldentlor.1 with that  curve c? theftf*all* ef 
?lKwr» 9 which paeeoe throogh the point    3    "     7600 feet. o< * 40 .   v7 » 880 
knote,, and la therefore the loeue of £   /$* (§    *       0.78ft per ail. 

The residual error £ far the general eaae la given by the eaa ef the 
errorn aa given la f lgurei 6 and 7,  the latter being a function of the e'gkt ale- 
allgaaant P te which th« Integrator «dJue*a*nt la applied.    When the eight Iteelf ' 
la adjaatable. H any be given ea* pre-deteralned value by aeaao of a erellalnary 
light aljuttaent.    Figure 8 le a eet of contour* »f 0

f   , obtained by eaablalag 
Flgureo 6 and 7. for different value* of <t>   between -30 and /3D alia.    The ecale 
le tha teae ae la Figure* 6 and 7. hat rangea and dive analee eatalde the aeat 
probable operating llalta * ere excluded In order te facilitate analyela ef the 
error* likely to be encountered in practice.    The central graph (e), which la 
for   <P •s.  0,   la Identical with Figaro 6,  except that the oortour Interval need in 
Figure 8 le 80 feet. 

The ooaplet* eolation ef the above emaple la oVtaiaahle froa Tlgorea 
8.  7,  and 8.    The paint q U Figure* ft.  7. and 8(a) repreeeato ( S, • 13.000 feet. 

0), s   80°).    Interpolation hatwexa eonaeeative «>rror earrea for    v{ •   378 knot*, 
vith   i>  s     -20 IUI, glvea rexpeetlTOly £    ^s    f.90 feet.  A $ s fy f ^"c  ^f (.3 
feat per all) » (-33 alls) s  /80 feet.   £   v   f\tO feet,  la exact acreeaent «lth 
tha eolntloa (14). 

A etatr ef Figure 8  iheda auah light oa the relative aerlt* ef the 
eight adjaataent and  integrator adjuataest aethoda and of varloua e<vahlaatloae 
thereof.    The general tread of Figaro 8 aey be predleted froa Figaro* 8 end 7, 

• The operating llalt* aaraaed hare nr* ae follow*:    Mlalaaa dive anile 30°. aial- 
aoa elaat range, 4000 feet; aaxianai dive anrle 60°. aazlaoei eeeoad altitude 10,000 
foot,   and aaxlaua  »)«at r»wt thnt which, record lag to Xeport OBuSF-108 (Flg.2) 
weald oorreepend to 100-foot horizontal error at MO knote for Hod -0 heab director. 
The point f>   (  F,   -  7800 ft.. & -' 40°)   la close to the 'oeatar ef gravity" ef thla 
operating region,, 



Whan »iH»rO( or \/ Increases, according to flgurei 6 and 7,    c^    lxereaeae, 
wharaae4niffwiM or increaees according »•    0   la ponltiro or negative; 
theeo two error coapenente therefore partially off *•*  «iaeh other,  o» rucrti 
variation with ex     and   V    •  whan    ip   Is positive,,  ta*   increase  the total  arror 
whoa    <£,    la negative,    Thie obeerratlon la barn* out  quantitatively 07 Flgwe 8. 

KAX   #   -    -30 alia (Figure    8a)  tha curves ara density ptcJcad,   Indicating wide 
variation of residual arror;  within tha operating Halts and for •* 36 knot vnrla- 
tloa la    (.'   ,      £     lo  seen to »HTT appro jdaacely between -300 ana /1B0 foot,    da 
0  Increases tha cwvee beeoao sparser,  until  at $  -   /30 (Flgnx* 8a)   cf   ba- 

asaaa practically ladauensent of air speed.    At  <? > /10 alia (Figure    8d), walla 
•alas eoaewhat aero dependant on air  speed,     6    lallailtad  to £80 faat throaga- 
oat alaoet tha aatlra operating raclon and at a flxal  slant raage aaaaa to he 
alaoet Independent of ct- The corresponding varlitlon at    <p - O   (Figaro 8a) 
Is aloe between tt* Halts of * 60 faat, and nera indcjpsjadcu* of  il*nt range,     la 
all three carvea (a),  (d)  and (a),  the wo rat arror wad Itloat ooeur lu tha vleio- 
lty of S3   and narlaoa range, tha boib falling short 07 aa aaanaft which appree^tes 
100 feet.    Thau results would,, of octree,  aa altered   aoaeVhat  If different val- 
uee of S    ,   C*   .  and    f   were used in tha ndjuetaeat, bat tha general trand 
would  ha entirely alallar. 

i»PQ.U8I0K8 

Aircraft whoa* sights ara adjusted to ha correct for aaifelae gm aaa 
have eight alaallgaaaata which average about -30 alii for toea boabing.    la view 
of Figure 8,  correction of arror a of aueh nagnltude »y asr.se of an MPI (/J72/7e> 
adJuetaoAt >tH<i highly Inadvisable,  as this aatred   aakss tha lssnact pelat 
very sensitive to changes la range,  d Ira angle, and sir cpaad,    Adjuetaent of 
tba eight  ltaalf brings aach aora bonblng accuracy within wlds Halts, and  aaaaa 
to give aa adjustment roughly lndaperient of si rat r»ns*o. 

Squally favorable result t,  however, nay bs achieved if a eeaalnatloa of 
sigh* and Integrator edjustaeots la cosd.    In thla astrtod tha sight Is QVST- 
adJaatad aatll nlwdlgned by about XI0 to /» alls, tad thla elaalignavant Is In 
tarn oorraetad by an WT adjustment,    Tha optlaoa sl«ht  adjuetaent defends oa 
tha choice of s »d-l value atS • &   , sad V , bat sham thasa aro *BX> fast, 40°. 
sad MCi knots, tha alnlaaa vrfetlon of  impact arror »m *yre ftTffll Is raackad 
at aa oTaradJostaant of apprszlsntaly «1C tiSla;  with air gfjj «« apyroxlaataly 
f-X) allot  and wlttk gXmX XUSf *fc approxlaatoly 0 al)«Tsl«ht adjustaaa? aloao). 

Tha affect of thla eoablnad adjostaant la to  off sot tha effect »f 
chMBjCoa la aaxla of attack *y aaxns of an latocratot adjustmeat so dotarvilnad aa 
to eoaateraet  soel. wariation.-    Aa addlttoral advaataca of this aoibod ll»s la 
tha fact that.   In oractlea,   ateaoar tires ara ftoaerplly seeoapaalad by 8>»««a#r 
air epeede.    Slaca an Increase la althar dl*e angle or  air apeod  In crew set tha 
arror da* to oh««vte* In angle of attack.  It follows thait a sight adjaataaat 
aloao would naka the lapact point doubly aansltlrs U ehanA'os la  A or   /  .    t>» 
ooaslaatloa aathod radaooa tha wsrlatlon of ^   with bathed   and   V   .    aoworor. 

* Izcapt for saall dlra angles. 
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If tho aUUltntloa of th* wlotloa of S   with «l«tJ» roa«o •* »»* walwao 
of <*   u<   V   la aoaoldorat aoro' laportaat, oaiy t)»   «i«»a  rfjwtaMt,   l.o., 

(f   * O   ,  ahouid  >« ndi. 

Tho aba*, eh»lM of aodal TtlMi  J ,   ^   .    V  . "boat whloh tho 
aajaataaata art u  ^ aada. appootrt to  ba wtitf*et*rlly oaatrtliioi with ro- 
apoot to tttail op«r»tloaal llalta.    Aay IKTMH la J    balow 7000 foot wool* 
Mkt po«ltlr» -ml**, of &S / &     (»l«we 7) eoaaldarablT aoro probable *KM 
no«atlTO •»lo»«5 »s£ .  slight lav****, porlwpa to 8800 foot, weal* rloid a 
ooaowbot bettor bal«BOOa distribution of •rror«. 

Xa ?*aetieo. bewovor. (rwiir *co»faay U tho ii*ht rfjutaMt It 
•eMrroS «t ohort r**gai.    Sloe* aaftla «f attack  la laaopond oat of r«*f«, •*- 
Jaataoat of th« algtt mt <i   ,   V    , ul i r»ago lo*a thus   §   waald not affoot 
th« roaolt.    The M>I adjaataent (&TC /7c   ) oomld *>>•» »• "•*• •* S •   5   • 
•Ad   y    . 

It ia olo> roeoanendod that this eoioM nation aathad of eight oerree- 
tloa BO taatod in the f tola, to determine tho apreoaent of theory aad practise 
at different veloot of   d la any tush toata,  hewerer, oao aautloa la ho- 
llowed to ho la ortar.    Tho lapaot orrora vlth which wo aro hare concerned oro 
ooaronrobla la »*r,<ltvA«t irlth orrora duo to e«sh fpetoro ae pilot alalnff mi thv 
mo* of appro flaw* t«   m -funotione.    A aif foresee between two oaoorrod lajaet 
orrora. for tfe* oat piaaa aMer dlfforoat oondltloao, will ho approximately fro* 
of ooapoaoate 4a• fc> other factors «ad  ie tharoforo amen aoro r*ll»ble tn thlo 
parpen* tana >»/ tla^la aboelttte observed orror. 

*ne roaalta of thla aaalyale. furthermore, de-espn*elre tho aeesstltr 
for omnot allmaaat of  tho flljht  aad ei«ht llaoa.    ** approxlaate all«aa«nt will 
«ea«rally oof floe provided tho orror la oa tha a Ma af oTor-adJaotaeat, which la 
wbeoqoantly corrected throat* oa KP1 adjootaaat. 

8. 8, Laeaaahroeh 
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TLIOHT ATO TRAJIICTOBT  DUORJM »ITH MISA1 IGMXI SIGHT 

figure 1 
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Spttlal  Ctaataur M*p of i 
HORIZONTAL IMPACT BSOH  (6^)  RtSDLTINf) FROM A OlVtti 8IOHT  ERROR  (0) 

(R*ng*-41v« *ngl« oontour* of oon«t»at r»tlo <5^J,  w lndlMtod) 

Xndopondont of air- opoad (T) *nd pf pull-up wool oration (K) 

46*    tan Ajtaj _*>• 

15 10 
HORIZONTAL    RANGE IN    KILOFEBT 

Figure 2 
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Spatial oont»ur Uap ofi 
UFI ADJUST1UNT (O.  I.E..   PEHCEJJT CHAN»l I!.'  IIME TC TAr. i.Tl,   ^t,'HIRED TO 
CFTaZT .1IVEN SIGHT £RROf(   (tf) 

(Kanga-dlv* ancle oontoura of oanatant ratio £tA») 

*3      (fllgjrt iefiiiMHj m JO 

• air «p««t 
•snr 

180 kaota 
600 knot* 

• -(•/JflOkaoU^ 
1  
1 
1 
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..  . 
Spatial  Cor.to »r   '«; of 
HOPJ.'.C?;T/I 
XIU£ 'TO T^r   KT 

f^U      iIVE.    iSRCTM  flHAWE  it   )   I"! 

;   Wi^K 

• WHWMtt)*. 

TORIZW.TAL     RANOK        IN      EILOmr 
Timer 
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TBM.. 
(TBF> 

SB2Q 
"C 

P-38L 

F4U 
(FG) 

(F4FT 

RELATIVE    ^Li 
FOR' 

AllACN    ;\^^AM 

--15 
±t* 

-23 
-22.     - 
--2J    / 
--20. '/ 

/"l7 

DETERMINING CHA,VG£S  IN  [ANGLE  Or ATTACK 

--500 

P-38L 
77,aoo i»g. 

.P-3IK 
i 9500 H*. 

X 
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-lav 

e 
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• / 
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,SB2C 
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4Kb6 
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E        E 

F4iJ 
"p. ,000 .'(is 

FM 
750C 1*4. 

-450 

--400 

4-32. 

31 
EXAMPLE-  FOR   WF   PLANE  WITH I    -- 

ITS  NOMINAL. WCI6«r   OF  IMOO LRi.,    ~ ~ 
[\)AT 350 KNOTS ( DfcT-DASMfcD 1-11*3), . _og 

0 ; 14.9 .HILi  WH«< **4*J 
*•    IK."* nin WHEN «-30; 

HENCE P£CKfASIN6- DIVE- AfWLE 
r?.On   40* TO 30*   INCREASES ANGLX 
OF ATTACK   BY   2.0'   MILS: 

U'UTrO* PIV£    (SOLID  LIULi), 
fa = K3 MILS WHEN   V 350 KNOTS,     • 

Z0.1 MILS'UHtN   V'300 KNOTS,--OC  * 
HENCC DCCREAilUS A/K iPCED 
PROM 350   TO  300 KNOTS 

iK!CtT£A3ES ANSLC Of 
ATTACK., Bf   5.5 Wl.3. 

—200 

Tjf 

ftl 

- -2LG* 

V 
--24 *• 

• - 

"23   f 

WHEN WEJ6HT or 
FJWE DIFFERS 
FftOM NOMINAL 
WEI6HT AS GIVEN-- 
ONLINE ffJ, PETE* 
MIME NEW POINT 
ON Iff BY JOINWG 
APPROPRIATE POINT 
ON I WITH POINT.-TO- 

ON f REPRESENT- 
ING COMFIT WEIGHT. 

YT 

H- iL... > 
H   - 

Ld-13 
cc: 

- i 

--12 

!i 
I+9 

O:    t 
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Spatial Centaur ^ap O'I 
ao?Jio: »AX IMPACT SWQR (6a) RBS;;LTJK 
s ;E< 3i*rr is PROFSRLT Allies.*© ••.. DIV 

"-.ON. CHA..'..C   IT.  ...Vil.i Or   .•.".*.":.^:', 
••,;:ca.E 40° ;>•;. AI?. SPEW 3 SO EJOTS. 

(San^e-dlve angle oontcure of constant £ ,t  »s  indioated) 

AIR 8 PESOS 
526 knot*   
560 knot*  
375 knots • 

46° PITS ANGL 

Ttf Flane 
Oroas St. i 1*400 Ibi. 

(Independent ef K) 
*>c 

0* 
16 10 

HOHIZOHTAJ.    RAIWH, T*      morE2T 
VARGH 
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Spatial  Contour U*p ti 
[JORIZONTAL I_PAC.~  HRRO?   (48 = 6*+6c>.   NOT  INCLOOIJW THAT DUE TO  AKOLE OF  ATTACK, 
MSULTIWC  ."ROM riXB) K?I  AOJUSiVaiT  (€c)  30 DHTEft-CtKHB AS TO OFFSET A SIGHT 
ERPOR   (0)   AT SUflT  RANGE      7.»   KtLOFEET     c_TB ASGU 40° ,   MTO  AIK3PS3X) 880  SHOTS 

(»_»£•-__-•_ »n«l» oontoum of oonatant AS/^,  *a l»dlo»t»d) 

AIR 8PH_0_ 
386 knelt   
S80 knots  _____ 
573 tacts  

_=S 
(Slight <t«ixm4«.ar M K) 
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